Age-related macular degeneration (AMD) is a common cause of irreversible vision loss among the elderly worldwide. It is estimated that approximately 30 % of adults older than 75 years have some sign of AMD and that approximately 10 % of these patients have advanced stages of the disease.
geographic atrophy (GA), and the RPE elevation map is ideally suited to show drusen and retinal pigment epithelial detachments (PEDs). [8] [9] [10] [11] [12] The ability to perform averaged B-scans increases image quality and can be used to evaluate subtle changes in retinal anatomy. The purpose of this article is to review the use of SD-OCT for the diagnosis, treatment, and follow-up of patients with AMD.
Spectral-domain Optical Coherence Tomography in Dry Age-related Macular Degeneration
Non-neovascular (dry) AMD is characterized by abnormalities of the RPE and the basement membrane between the RPE and choriocapillaris. Deposits develop under the RPE and within Bruch's membrane. These deposits can be seen ophthalmoscopically as drusen, which can be scattered throughout the macula and posterior pole. Deposits can also be seen on top of the RPE and these are known as subretinal drusenoid deposits. Increased pigment clumping at the level of the RPE is another characteristic sign of AMD, followed by focal atrophy of the RPE. These abnormalities may be asymptomatic or accompanied by compromised vision, and are considered to be the precursors of GA and choroidal neovascularization (CNV).
13-15

Drusen
Drusen appear clinically as focal, white-yellow excrescences deep to the retina. They vary in number, size, shape, and distribution. Several grading strategies have been developed to image drusen using color fundus photography. 16, 17 Although color fundus photography is useful for assessing the appearance of drusen, these images only provide 2D area information on the geometry of the drusen and cannot be used to measure quantitative properties such as drusen volume. SD-OCT can provide a 3D geometric assessment of drusen.
The high-definition averaged B-scans are useful for assessing the ultrastructure of drusen and to examine adjacent retinal layers that can be compromised by the disease process. to undergo three different growth patterns. In most eyes, drusen were found to increase in volume and area. Drusen could also remain stable or they could dramatically decrease over time. When these drusen decreased, they could develop into GA or neovascular AMD, or they could decrease resulting in no residual defect in the macula. 19 An example of the segmentation algorithm used to measure drusen is shown in Figure 1 . In this figure, the 6 x 6 mm scan area (white box) was superimposed on a color fundus image of a macula containing drusen (see Figure 1A) . A representative B-scan is shown with the boundaries of the actual RPE segmentation and the interpolated RPE floor identified in red and yellow, respectively (see Figures 1B and 1C) . In Figure 1D , the OFI is shown, which represents the summation of the reflected light from each A-scan when viewed en face. This topic will be discussed later in this article. A 3D RPE segmentation map is shown along with the RPE elevation map, which represents the difference between the actual RPE and the RPE floor for each B-scan in the data set, and this map is used to generate the area and volume of the drusen (see Figures 1E and 1F) . 
Geographic Atrophy
The formation of GA impairs visual function, impacts the quality of life, and may result in blindness. 20 GA is seen clinically as one or more well-demarcated areas of hypopigmentation or depigmentation due to The natural history of GA has been described as a progressive condition that evolves through stages with loss of vision occurring over years. 8, 21, 22 The initial size and configuration of the atrophy appear to influence its progression rate. Average linear rates of growth of 140-200 μm/year from the GA margin have been reported, and the area of GA may enlarge by up to 3 mm 2 or more annually. 20, 21, [23] [24] [25] Multiple imaging modalities have been used to document and quantify the area of GA. Historically, color fundus photography was used to image GA; however, the use of color photos can be challenging due to the reported difficulty in detecting and accurately delineating GA. 21, 26, 27 Other imaging modalities, such as fluorescein angiography (FA), fundus autofluorescence (FAF), and SD-OCT are now used to evaluate and quantify GA. Although these imaging modalities provide different information, none has been shown to be superior to another.
SD-OCT was shown to be a useful tool for imaging and measuring GA. 8, 9, 28 A wide spectrum of morphologic alterations can be observed when 
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A: Color fundus images; B: Fundus autofluorescence (FAF) images. Observe the difficulty in identifying the entire lesion in the color images compared with the FAF images; C: Horizontal B-scan of the macula with increased choroidal light penetration in areas where the retinal pigment epithelium (RPE) is absent. The white arrow shows the transition between the areas where the RPE is present and absent; D: B-scan with red lines representing the sub-RPE layers used to compose the enhanced optical coherence tomography (OCT) fundus image; E: OCT fundus image; F: Enhanced OCT fundus image. The boundaries of the lesion were manually outlined.
Figure 5: Right Eye of a 76-year-old Woman with Wet Age-related Macular Degeneration
A: Color fundus images; B: Horizontal B-scan showing a pigment epithelial detachment (PED) and the presence of subretinal fluid; C: Retinal thickness map with areas of increased retinal thickness (red and yellow); D: Retinal pigment epithelium (RPE) segmentation map with a PED; E: RPE elevation map with quantization of the PED volume; F-J: Post-treatment images following the use of an intravitreal vascular endothelial growth factor (VEGF) inhibitor. The subretinal fluid on the B-scan (G) decreases, and the retinal thickness map (H) shows a corresponding decrease in thickness. The PED decreases as observed qualitatively on the RPE segmentation map (I) and the PED volume decreases as observed quantitatively on the RPE elevation map (J).
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GA is currently imaged using SD-OCT by using the OFI, which represents a virtual fundus image resulting from the en face summation of the reflected light from each A-scan. This en face OFI identifies GA as a bright area, due to the increased penetration of light into the choroid where atrophy has occurred in the macula. The absence of the RPE and choriocapillaris are responsible for this increased penetration of light associated with GA. 8, 9 The OFI was shown to correlate well with the GA seen on clinical examination, color fundus imaging, and autofluorescence imaging. show the color fundus image and FAF image of the right eye. The entire area of GA is difficult to visualize using the color fundus image, but more easily seen using FAF. The SD-OCT B-scan demonstrates the increased light penetration into the choroid in the area where the RPE is absent (see Figure 4C ). At the border of GA, where there is a transition between intact and atrophic RPE, there is a marked difference in light penetration into the choroid (arrow). This transition in the penetration of light is responsible for creating the border of GA seen with the en face imaging.
Within the GA, the area of RPE atrophy appears brighter on the en face image because of the increased penetration of light into the choroid.
The summation of the reflected light from the sub-RPE layers is used to compose the enhanced OFI (see Figure 4D , area between red lines).
A good correlation can be observed between the OFI (see Figure 4E) and the enhanced OFI (see Figure 4F ). The manual measurements of the GA areas were 14.52 and 14.59 mm 2 for the OFI and the enhanced OFI, respectively.
The advantage of the enhanced OFI is that the lesions usually appear brighter than in the OFI, which facilitates identification of the lesion's boundary. Another advantage is the fact that the OFI represents the light reflected from all the retinal layers, and the presence of other macular pathologies may interfere with the identification of GA.
Spectral-domain Optical Coherence Tomography in Wet Age-related Macular Degeneration
The Figure 5A the color fundus image shows the lesion and in Figure 5B the B-scan shows the macular fluid and a PED. The retinal thickness map (see Figure 5C) shows the area where the retinal thickness is increased (yellow and red areas). The RPE segmentation map shown in Figure 5D provides a 3D contour of the PED. Figure 5E shows the RPE elevation map with a PED volume measurement of 0.225 mm 3 . After an intravitreal injection of an anti-VEGF drug, the amount of subretinal fluid decreases, as shown in the color fundus image (see Figure 5F ), the B-scan (see Figure 5G) , and the retinal thickness map (see Figure 5H ). 
